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INCLUDES A SET OF A LEAST ONE MAGE FROM HE : 
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AUTOMATICALLY DETERMINING ANAME 
OF A PERSON APPEARNG IN AN IMAGE 

BACKGROUND 

Face recognition and clustering techniques may be used to 
automatically group images into clusters, with each cluster 
containing photos of the same person. Text processing tech 
niques may be used for analyzing the text near an image in 
order to automatically identify certain text information asso 
ciated with images or elements within the images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a computing environ 
ment Suitable for implementing aspects of a system for auto 
matic labeling of web images of real people according to one 
example. 

FIG. 2 is a diagram illustrating a method for the automatic 
labeling of web images of real people by integrating face 
recognition with text analysis according to one example. 

FIG. 3 is a flow diagram illustrating a computer-imple 
mented method of automatically determining a name of a 
person appearing in an image according to one example. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings which form a part hereof, and in 
which is shown by way of illustration specific examples in 
which the disclosure may be practiced. In this regard, direc 
tional terminology, such as “top,” “bottom.” “front,” “back.” 
“leading.” “trailing.” etc., is used with reference to the orien 
tation of the Figure(s) being described. Because components 
of examples of the present disclosure can be positioned in a 
number of different orientations, the directional terminology 
is used for purposes of illustration and is in no way limiting. 
It is to be understood that other examples may be utilized and 
structural or logical changes may be made without departing 
from the scope of the present disclosure. The following 
detailed description, therefore, is not to be taken in a limiting 
sense, and the scope of the present disclosure is defined by the 
appended claims. 

Face recognition and clustering techniques may be used to 
automatically group images into clusters, with each cluster 
containing photos of the same person. Since such techniques 
typically rely solely on image processing, the accuracy of 
these techniques may be less than desired in Some tasks 
involving the automated analysis of web pages. 

Text processing techniques may be used for analyzing the 
text near an image in order to automatically identify certain 
text information associated with images or elements within 
the images. Since Such techniques typically rely solely on text 
processing, the accuracy of these techniques may also be less 
than desired in some tasks involving the automated analysis 
of web pages. 
One implementation is directed to a system and method for 

the automatic labeling of web images of real people by inte 
grating face recognition with text analysis, and thereby solv 
ing the lack of accuracy issues that can arise when one of these 
techniques are used alone. The system and method according 
to one implementation combine face clustering and recogni 
tion with textanalysis, and through an iterative process, auto 
matically identify and label people in images in web page 
collections. This approach enables automatic semantic label 
ing and indexing of web images, as well as improves the 
clustering performance on images of the same person. 
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2 
Through the iterative process, face clustering helps filter 
named entities identified through the text analysis and deter 
mine the identity of the person; and named entities help to find 
more instances for each face cluster. When this process con 
Verges, comprehensive face clusters with determined identi 
ties are obtained, resulting in high quality labeling of people 
in web images. Embodiments disclosed herein have potential 
applications in automatic labeling and indexing of web 
images/content, semantic image search, automated publish 
ing, social recommendation, and user profile generation. 

FIG. 1 is a diagram illustrating a computing environment 
10 Suitable for implementing aspects of a system for auto 
matic labeling of web images of real people according to one 
example. In the illustrated implementation, the computing 
system or computing device 10 includes one or more process 
ing units 12 and system memory 14. Depending on the exact 
configuration and type of computing device, memory 14 may 
be volatile (such as RAM), non-volatile (such as ROM, flash 
memory, etc.), or some combination of the two. 
Computing device 10 may also have additional features/ 

functionality. For example, computing device 10 may also 
include additional storage (removable and/or non-removable) 
including, but not limited to, magnetic or optical disks or tape. 
Such additional storage is illustrated in FIG. 1 by removable 
storage 16 and non-removable storage 18. Computer storage 
media includes Volatile and nonvolatile, removable and non 
removable media implemented in any suitable method or 
technology for storage of information Such as computer read 
able instructions, data structures, program modules or other 
data. Memory 14, removable storage 16 and non-removable 
storage 18 are all examples of computer storage media (e.g., 
computer-readable storage media storing computer-execut 
able instructions that when executed by at least one processor 
cause the at least one processor to perform a method). Com 
puter storage media includes RAM, ROM, EEPROM, flash 
memory or other memory technology, CD-ROM, digital ver 
satile disks (DVD) or other optical storage, magnetic cas 
settes, magnetic tape, and magnetic disk storage or other 
magnetic storage devices. Any Such computer storage media 
may be part of computing device 10. 
The various elements of computing device 10 are commu 

nicatively coupled together via one or more communication 
links 15. Computing device 10 also includes one or more 
communication connections 24 that allow computing device 
10 to communicate with other computers/applications 26. 
Computing device 10 may also include input device(s) 22, 
Such as keyboard, pointing device (e.g., mouse), pen, Voice 
input device, touch input device, etc. Computing device 10 
may also include output device(s) 20, Such as a display, 
speakers, printer, etc. 

FIG. 1 and the above discussion are intended to provide a 
brief general description of a Suitable computing environment 
in which one or more embodiments may be implemented. It 
should be understood, however, that handheld, portable, and 
other computing devices of all kinds are contemplated for 
use. FIG. 1 thus illustrates an example of a suitable computing 
system environment 10 in which the embodiments may be 
implemented, although as made clear above, the computing 
system environment 10 is only one example of a suitable 
computing environment and is not intended to Suggest any 
limitation as to the scope of use or functionality of the 
embodiments. Neither should the computing environment 10 
be interpreted as having any dependency or requirement relat 
ing to any one or combination of components illustrated in the 
exemplary operating environment 10. 

FIG. 2 is a diagram illustrating a method 200 for the auto 
matic labeling of web images of real people by integrating 
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face recognition with text analysis according to one example. 
In one implementation, computing device 10 (FIG. 1) is con 
figured to perform method 200. Given a collection of web 
pages 202, method 200 automatically recognizes people in 
images contained in the web pages 202, and labels the images 
with the people's identities. 
As shown in FIG. 2, images 216 and text 204 are extracted 

from the web pages 202. At 206, the text 204 is analyzed to 
identify a set of text (e.g., figure captions, descriptions, and 
Surrounding text content) associated with each image 216. At 
218, face detection is applied to each of the images 216. For 
each image 216 with one or more detected faces, the set of text 
associated with the image 216 (identified at 206) is analyzed 
at 208 using a named entity recognition process. The result of 
this process is the generation of a set of named entities 214 for 
each of the images 216. FIG. 2 shows three sets of named 
entities 214, as well as an image 216 associated with each of 
the named entities 214. 

At 218 in method 200, face clustering is applied to all of the 
detected faces in the images 216. As a result of the face 
clustering, an initial set of face clusters 220 is generated. FIG. 
2 shows three face clusters 220, with each cluster 220 con 
taining a set 222 of one or more images 216 of the same 
person and an associated face cluster label 224. In one imple 
mentation, each face cluster 220 corresponds to a single per 
son and includes images 216 in which that person’s face was 
detected. It is noted that there may be multiple face clusters 
220 associated with a single person. The identities of the 
people appearing in these images 216 are not known yet at 
this stage of the method 200. 

At 226, for each face cluster 220, the sets of named entities 
214 associated with the images 216 in the cluster 220 are 
compared, and the intersection set of the named entity sets 
214 for these images 216 is obtained. The intersection set is a 
refined named entity set, and is used as the label 224 for the 
face cluster 220. If there are multiple images 216 in a given 
face cluster 220, the intersection set may well describe the 
identity of the person associated with that face cluster 220. 
Theoretically, the larger the face cluster 220, the more spe 
cific the intersection set will be, and hence the more accurate 
the text description (i.e., label 224) will be. For example, the 
label 224 may be the name of the person (e.g., Barak Obama) 
and/or other identifying words associated with the person 
(e.g., President of the United States). If a given face cluster 
220 only has one image 216 (i.e., a singular cluster), the 
cluster's label 224 will be the same as the named entity set 
214 associated with that single image 216. 

After each cluster 220 obtains a text description (i.e., label 
224) at 226, for every pair of clusters 220, the labels 224 of 
these clusters 220 are compared and if the labels match (e.g., 
both clusters 220 have “Barak Obama' as the label 224), the 
two clusters 220 are identified to be candidates for cluster 
merging at 234. At 236, face matching is conducted between 
faces in pairs of candidate clusters 220, and when the match 
ing exceeds a specified threshold, the two clusters 220 are 
merged into one cluster 220, and the method 200 returns to 
226 for the next iteration. 

In this way, smaller clusters 220 may be merged to form 
bigger clusters 220. When a cluster 220gets bigger, the inter 
section set (determined at 226) of named entities 214 of all its 
member images 216 will be more specific, and thus a more 
accurate description of the cluster 220 (and correspondingly 
the person associated with the cluster 220) will be obtained. 
This in turn helps further merging of the face clusters. 

In one implementation, the iteration between blocks 226, 
234, and 236 continues until there is no further cluster merg 
ing, and the label 224 of each face cluster 220 is fixed. In this 
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4 
way, images 216 of people in the web page collection 202 are 
automatically clustered and indexed. Through the iterative 
process 200, face clustering helps filter named entities 214 
identified through the text analysis and determine the identity 
of the person; and the named entities 214 help to find more 
instances for each face cluster 220. When this process 200 
converges, comprehensive face clusters 220 with labels 224 
containing determined identities are obtained, resulting in 
high quality labeling of people in web images. In one imple 
mentation, the final cluster labels 224 are used to generate a 
set of labeled images 228, with each labeled image 228 
including an image 216 and an associated label 232 contain 
ing names for each person appearing in the image 216. 
Method 200 according to one implementation is not only 

able to cluster images of the same person, but also name the 
person. In one implementation, method 200 is automatic and 
robust to noises in image and text, and increases the recall of 
face clustering. 

FIG. 3 is a flow diagram illustrating a computer-imple 
mented method 300 of automatically determining a name of a 
person appearing in an image according to one example. In 
one implementation, computing device 10 (FIG. 1) is config 
ured to perform method 300. At 302 in method 300, a collec 
tion of web pages containing a plurality of images is received. 
At 304, for each of the images, a set of names associated with 
the image is identified based on a text analysis of at least one 
of the web pages. At 306, face detection and clustering is 
performed on the plurality of images to generate a plurality of 
face clusters, wherein each of the face clusters is associated 
with one person and includes a set of at least one image from 
the plurality of images in which a face of the one person was 
detected. At 308, for each of the face clusters, a label for the 
face cluster is identified based on the set of names associated 
with each image in the face cluster. At 310, a name of a first 
person appearing in at least one of the images is determined 
based on the identified label for one of the face clusters 
associated with the first person. 
Method 300 according to one embodiment further 

includes, for each of the face clusters, comparing the set of 
names associated with each image in the face cluster to deter 
mine an intersection set of names, wherein the intersection set 
of names for each face cluster is used as the label for the face 
cluster. 

In one embodiment, method 300 further includes compar 
ing the label for each face cluster to the labels for other ones 
of the face clusters to identify candidate face clusters for 
merging. In one form of this embodiment, two of the face 
clusters are identified as candidate face clusters if the two face 
clusters have matching labels. Method 300 according to one 
embodiment further includes performing face matching on 
faces appearing in images of a pair of the candidate face 
clusters, and merging the pair of candidate face clusters into 
a single face cluster if the face matching exceeds a specified 
threshold. 
Method 300 according to one embodiment further 

includes: identifying candidate face clusters for merging 
based on the labels for the face clusters; performing face 
matching on faces appearing in images of the candidate face 
clusters; and merging selected ones of the candidate face 
clusters based on results of the face matching, thereby gen 
erating an updated set of face clusters. In one form of this 
embodiment, the method 300 further includes, for each of the 
face clusters in the updated set, identifying an updated label 
for the face cluster based on the set of names associated with 
each image in the face cluster. In one embodiment, method 
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300 also includes automatically adding the name of the first 
person to the at least one image in which the first person 
appears. 

Another embodiment is directed to a computer-readable 
storage medium storing computer-executable instructions 5 
that when executed by at least one processor cause the at least 
one processor to perform a method within a computing sys 
tem. The method includes receiving a collection of web pages 
containing a plurality of images, and, for each of the images, 
identifying a set of names associated with the image based on 
a text analysis of at least one of the web pages. The method 
includes generating a plurality of face clusters based on face 
detection and clustering performed on the plurality of images, 
wherein each of the face clusters is associated with one person 
and includes a set of at least one image from the plurality of 15 
images in which a face of the one person was detected. The 
method further includes, for each of the face clusters, identi 
fying a label for the face cluster based on the set of names 
associated with each image in the face cluster, and determin 
ing a name of a first person appearing in at least one of the 
plurality of images based on the identified label for one of the 
face clusters associated with the first person. 

Yet another embodiment is directed to a system for auto 
matically determining a name of a person appearing in an 
image. The system includes a memory to store web pages 
containing a plurality of images, and a processor coupled to 
the memory to: for each of the images, perform a text analysis 
of at least one of the web pages to identify a set of names 
associated with the image; generate a plurality of face clusters 
by performing face detection and clustering on the plurality of 30 
images, wherein each of the face clusters is associated with 
one person and includes a set of at least one image from the 
plurality of images in which a face of the one person was 
detected; for each of the face clusters, identify a label for the 
face cluster based on the set of names associated with each 
image in the face cluster; and determine a name of a first 
person appearing in at least one of the plurality of images 
based on the identified label for one of the face clusters 
associated with the first person. 

In one form of this embodiment, the processor also, for 
each of the face clusters, compares the set of names associ 
ated with each image in the face cluster to determine an 
intersection set of names, wherein the intersection set of 
names for each face cluster is used as the label for the face 
cluster. 

Although specific examples have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the specific examples 
shown and described without departing from the scope of the 50 
present disclosure. This application is intended to cover any 
adaptations or variations of the specific examples discussed 
herein. Therefore, it is intended that this disclosure belimited 
only by the claims and the equivalents thereof. 
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What is claimed is: 
1. A computer-implemented method of automatically 

determining a name of a person appearing in an image, com 
prising: 

receiving a collection of web pages containing a plurality 60 
of images; 

for each of the images, identifying a set of names associ 
ated with the image based on a text analysis of at least 
one of the web pages; 

performing face detection and clustering on the plurality of 65 
images to generate a plurality of face clusters, wherein 
each of the face clusters is associated with one person 

6 
and includes a set of at least one image from the plurality 
of images in which a face of the one person was detected; 

for each of the face clusters, identifying a label for the face 
cluster based on the set of names associated with each 
image in the face cluster, 

determining a name of a first person appearing in at least 
one of the images based on the identified label for one of 
the face clusters associated with the first person; and 

wherein the receiving, identifying a set of names, perform 
ing face detection and clustering, identifying a label, and 
determining a name are performed by at least one pro 
CSSO. 

2. The computer-implemented method of claim 1, and fur 
ther comprising: 

for each of the face clusters, comparing the set of names 
associated with each image in the face cluster to deter 
mine an intersection set of names. 

3. The computer-implemented method of claim 2, wherein 
the intersection set of names for each face cluster is used as 
the label for the face cluster. 

4. The computer-implemented method of claim 1, and fur 
ther comprising: 

comparing the label for each face cluster to the labels for 
other ones of the face clusters to identify candidate face 
clusters for merging. 

5. The computer-implemented method of claim 4, wherein 
two of the face clusters are identified as candidate face clus 
ters if the two face clusters have matching labels. 

6. The computer-implemented method of claim 4, and fur 
ther comprising: 

performing face matching on faces appearing in images of 
a pair of the candidate face clusters. 

7. The computer-implemented method of claim 6, and fur 
ther comprising: 

merging the pair of candidate face clusters into a single 
face cluster if the face matching exceeds a specified 
threshold. 

8. The computer-implemented method of claim 1, and fur 
ther comprising: 

identifying candidate face clusters for merging based on 
the labels for the face clusters; 

performing face matching on faces appearing in images of 
the candidate face clusters; and 

merging selected ones of the candidate face clusters based 
on results of the face matching, thereby generating an 
updated set of face clusters. 

9. The computer-implemented method of claim 8, and fur 
ther comprising: 

for each of the face clusters in the updated set, identifying 
an updated label for the face cluster based on the set of 
names associated with each image in the face cluster. 

10. The computer-implemented method of claim 1, and 
further comprising: 

automatically adding the name of the first person to the at 
least one image in which the first person appears. 

11. A computer-readable storage medium storing com 
puter-executable instructions that when executed by at least 
one processor cause the at least one processor to perform a 
method within a computing system, the method comprising: 

receiving a collection of web pages containing a plurality 
of images; 

for each of the images, identifying a set of names associ 
ated with the image based on a text analysis of at least 
one of the web pages; 

generating a plurality of face clusters based on face detec 
tion and clustering performed on the plurality of images, 
wherein each of the face clusters is associated with one 
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person and includes a set of at least one image from the 
plurality of images in which a face of the one person was 
detected; 

for each of the face clusters, identifying a label for the face 
cluster based on the set of names associated with each 5 
image in the face cluster, and 

determining a name of a first person appearing in at least 
one of the plurality of images based on the identified 
label for one of the face clusters associated with the first 
person. 

12. The computer-readable storage medium of claim 11, 
wherein the method further comprises: 

for each of the face clusters, determining an intersection set 
of names based on a comparison of the set of names 
associated with each image in the face cluster, wherein 15 
the intersection set of names for each face cluster is used 
as the label for the face cluster. 

13. The computer-readable storage medium of claim 11, 
wherein the method further comprises: 

identifying candidate face clusters for merging based on a 
comparison of the label for each face cluster to the labels 
for other ones of the face clusters. 

14. The computer-readable storage medium of claim 13, 
wherein two of the face clusters are identified as candidate 
face clusters if the two face clusters have matching labels. 

15. The computer-readable storage medium of claim 13, 
wherein the method further comprises: 

performing face matching on faces appearing in images of 
a pair of the candidate face clusters. 

16. The computer-readable storage medium of claim 15, 
wherein the method further comprises: 

merging the pair of candidate face clusters into a single 
face cluster if the face matching exceeds a specified 
threshold. 

17. The computer-readable storage medium of claim 11, 
wherein the method further comprises: 

identifying candidate face clusters for merging based on 
the labels for the face clusters: 
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performing face matching on faces appearing in images of 

the candidate face clusters; and 
merging selected ones of the candidate face clusters based 
on results of the face matching, thereby generating an 
updated set of face clusters. 

18. The computer-readable storage medium of claim 17, 
wherein the method further comprises: 

for each of the face clusters in the updated set, identifying 
an updated label for the face cluster based on the set of 
names associated with each image in the face cluster. 

19. A system for automatically determining a name of a 
person appearing in an image, comprising: 

a memory to store web pages containing a plurality of 
images; and 

a processor coupled to the memory to: 
for each of the images, perform a text analysis of at least 

one of the web pages to identify a set of names asso 
ciated with the image: 

generate a plurality of face clusters by performing face 
detection and clustering on the plurality of images, 
wherein each of the face clusters is associated with 
one person and includes a set of at least one image 
from the plurality of images in which a face of the one 
person was detected; 

for each of the face clusters, identify a label for the face 
cluster based on the set of names associated with each 
image in the face cluster; and 

determine a name of a first person appearing in at least 
one of the plurality of images based on the identified 
label for one of the face clusters associated with the 
first person. 

20. The system of claim 19, wherein the processor: 
for each of the face clusters, compares the set of names 

associated with each image in the face cluster to deter 
mine an intersection set of names, wherein the intersec 
tion set of names for each face cluster is used as the label 
for the face cluster. 


